Abstract. When two images, one depicting colored disks and the other depicting colored windmill patterns, are displayed in succession, the color of the windmills is perceptually replaced by black. The illusion is striking. Experiments confirmed (1) that the luminance contrast between the target patterns and the background must be large and (2) that the disks and windmills must be static on the retina and in register. The illusion is weakened when the windmills and disks have different colors.
Optical illusions demonstrate how complicated human color vision is. We cannot see the color of a surface as is. Color is not a property of the surface but a result of neural processing by the brain. Here, we report a novel optical illusion wherein chromatic windmills are perceptually replaced by black when presented in succession with chromatic disks (Figure 1 , online demonstration: http://www. fennel.rcast.u-tokyo.ac.jp/CAS_illusion/).
We studied some characteristics of this illusion as follows. (1) The illusion was strong when the background of the windmill was bright (Figure 2a) . (2) The disks and windmills had to have the same color, otherwise the illusion was weak (Figure 2a) . (3) The desaturation was maximized when the windmills appear immediately after the disks without temporal gap ( Figure 2b ). (4) The illusion strongly depended on the luminance of the windmills and their background, while it depended only weakly on the hues in the pattern (Figures 2c and d) . Dark patterns and bright backgrounds led to the stronger desaturation. (5) The illusion critically depended on the retinal position between disks and windmills; when the retinal position of the images got out of register during stimulus movement, the illusion was much weaker if present at all (Figure 2e ).
The other characteristics based on our personal observation are that (7) the shape of target other than the windmill, e.g., concentric circle or random dots, can induce the illusion, as long as the background region weaved into the figure, and (8) the smaller masks relative to the windmills appear to decrease the illusion, which suggests that the masks need to cover the whole region of the windmills. These phenomena can be experienced with the online demonstration.
Perceptual desaturation itself is not a novel phenomenon. The saturation of a surface is perceived as lower when it is surrounded by a chromatically variegate pattern (gamut expansion effect; Brown & MacLeod, 1997; Ekroll, Faul, & Wendt, 2011) . When a color pattern is viewed for a while, the saturation of the pattern will decrease (desaturation by adaptation; De Valois & De Valois, 2000; Hurvich, 1981) . However, these phenomena are experienced only either by comparison to reference stimuli or by seeing negative afterimages. The illusion we found is far more powerful to the extent that observers report no color of the windmills at all.
SHORT AND SWEET
Loss of color by afterimage masking Results of the experiments. Target and mask images were alternated every 500 ms. Each of the target and mask images were inspected five times, respectively. Prior to the experiment, the stimuli of the strong or no desaturation were inspected as a reference. Then naïve observers rated the strength of the color desaturation on a seven-point scaling. All conditions were presented in a pseudo-random sequence. Error bars indicate SEM. (a) The background was either black or white. Mask color was either the same as the target color, different, white, or black. (b) The temporal interval between the target and the mask was manipulated by interleaving a blank screen. (c) The luminance and the randomness of hue of the target and mask were varied. The colors were generated by MATLAB's "hsv2rgb" function. The value (luminance) in the figure is the value parameter of this function, which indicates the approximate luminance relative to the maximum (80.6 cd/m 2 ). For randomness of hue, 100% randomness indicates that it was completely random, while lower percentages correspond to a reduced range of hue samples. (d) The luminance of the background was varied. (e) The entire stimulus pattern was rotated about the center of the screen or moved on a circular trajectory, and hence the target and subsequent mask got out of register. The angular velocity of visual motion was varied.
The illusion would consist of multiple mechanisms. The afterimage masking due to color adaptation process (Geisler, 1978; Hurvich, 1981; Rinner & Gegenfurtner, 2000) is one candidate of the underlying mechanisms of the illusion. The illusion was weak when the windmills and masks had different colors (Figure 2a) . In the illusion, observers see a negative afterimage of the masks at the background region weaved into the windmills. In the same color condition, the colors of the negative afterimages are competitive with the colors of the adjacent windmill. The presence of complementary colors may enhance the suppression of chromatic signals originating from the windmills and therefore may reduce their visibility. Furthermore, the temporal gap between the target and mask images decreased the illusion (Figure 2b) , which strongly suggests the involvement of the adaptation process.
The illusion is strong and robust. Although the proposed accounts are incomplete and a large part of the underlying mechanisms is still open, since the loss of color for the chromatic pattern is subjectively observable, it will be useful tool to investigate how the subjective color appearance emerges in our brain.
